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President-R. A. BREWS, M.D., M.S., F.R.C.S., F.R.C.O.G. [March 22, 1957] The AEtiology of Fibroids By PERCY MALPAS, F.R.C.S., F.R.C.O.G. ALTHOUGH fibroids are the commonest of tumours, many aspects of their origin, their growth and their multiplication are still obscure. Largely this is due to the congruity between their structure and that of the tissues in which they grow. All the same, any explanation of their origin can only be based upon this congruity, or in other words their cause must be sought among the circumstances or conditions existing within the uterus itself; for whatever general factors may be concerned-such as age, childlessness, race, hormonal and growth factors-the immediate origin and structure of every fibroid is contingent on conditions obtaining in the local or intra-uterine causal field. This general principle was set out by Aristotle in the treatise "On the Parts of Animals". Discussing the nature of causation in biological phenomena Aristotle drew a sharp distinction between what he called hypothetical necessity and absolute necessity, defining absolute necessity as "such necessity as exists between substances and their inherent properties and characters". It is with the absolute cause of fibroids, that is their interpretation in terms of the structure and dynamics of the myometrium, that the present paper is concerned.
Exception may be taken to calling these tumours fibroids. The reason is that the term is a convenient and non-committal label which does not prejudge the issue. To call them myomas or fibromyomas is to beg the question, at all events in the present context, for the hypothesis to be proposed and considered is that these tumours are not true neoplasms, and that they arise and grow as the result of unresolved stresses in the myometrium.
The material falls into four sections: first the distribution patterns of fibroids, next the internal structure of established fibroids, next the evidence for the potentiality of stresses in the normal myometrium, lastly the structure of seedling fibroids.
THE DIST]UBUTION PATTERNS OF FIBROIDS
Provided that no one of a set of multiple fibroids is too large, their distribution in the uterus conforms to one of two general patterns. The reason for excluding any tumours much larger than a golf ball is that then the patterns become too complicated to analyse.
In the first and less important type of distribution, small fibroids, seldom more than 2 cm. in diameter, are scattered irregularly over the surface of the uterus. The distribution does not conform to any regular pattern. These tumours seldom grow to any size. This is shown by the frequency with which they are discovered accidentally when the uterus is removed for some other reason in women of 40 years or more.
The second type of distribution is the more important, not only for its theoretical bearing, but also because the tumours in this type undergo progressive growth and progressive multiplication. Almost invariably one fibroid in the set or pattern is larger than the rest. Its usual site is in the median sagittal plane of the uterus at the junction of the middle and inner thirds of the muscle wall, at a level roughly corresponding to the junction of fundus and body. This position corresponds to an interface between two zones of the myometrium. For convenience this largest tumour will be called "the dominant fibroid" in the following description.
The dominant fibroid is surrounded at varying distances by smaller tumcurs. These latter decrease in size as their distance from the dominant increases. Also the space between the secondary tumours themselves tends to increase with their distance from the dominant tumour (Fig. 1 ).
If it is assumed that the largest or dominant tumour is the oldest in the set, the progressive JUNE decrease in size of the secondary tumours suggests that in some way or other their origin is contingent upon the presence of the dominant tumour. How could this arise? Possibly for this reason, that as a fibroid grows a considerable tension is set up both in the tumour itself and in the enveloping myometrium. This pressure is evidenced by the way the cut surface of a fibroid becomes convex, by the way that fibroids shell themselves out when bisected during the course of a myomectomy, by the force required to push a partially extruded fibroid back into its bed after it has been partially mobilized by an incision through its capsule immediately after a hysterectomy. This pressure sets up counter-pressures whenever any resistance is met with, and at the points where pressure and counter-pressure become equalized, energy is liberated and a condition of localized stress is set up. The situation is very similar to that obtaining in a crankshaft. Usually the secondary tumours are situated below the dominant tumour, along a line between it and-the cervix, and the explanation of this pattern may be that the pressure exerted by the dominant tumour is more likely to meet a counter-pressure from below because of the relative fixity of the lower part of the uterus. According to such a view fibroids are self-propagating tumours, that is to say that the presence of one fibroid induces the growth of others. There is some clinical evidence bearing on the problem. It is common to find a single symptomless fibroid in a young woman, and quite reasonably such a tumour may be left alone in the hope of pregnancy. Often it stays single and stationary in size for a year or so, and then fairly quickly fresh fibroids appear in an increasingly rapid succession, until at the inevitable operation the uterus is found stuffed with small secondary tumours, so many indeed that a hysterectomy usually proves necessary. The multiplication of the tumours follows a geometric curve, as indeed would be expected if the fibroids are self-inducing. That the small subperitoneal tumours remain small and isolated may be because of their position on a free surface where secondary stresses are not set up. Submucous and intraligamentary tumours likewise have a tendency to remain single. more marked in its outer half. Note diminishing size of secondary tumours and the increasing distance between them.
THE INTERNAL STRucTuRE OF FIBRoIDs
Fibroids do not develop in a centrifugal manner from a central nucleus. Their usual spherical shape is solely due to their compression by the surrounding myometrium. Their true form is that of an irregular spiral with a varying number of secondary offshoots. This is shown by simple inspection of the cut surface of any soft fibroid with well-marked whorls but even more clearly by dissecting a fibroid under a dissecting microscope so as to separate the whorls, when the spiral shape becomes very evident. The spirals are usually more defined in the outer or peritoneal half of the tumour. Again the primitive shape is seen quite clearly in many of the small subperitoneal tumours which are less subject to compression (Fig. 2) . In other words fibroids grow in a linear manner, a mode of growth most consistent with the view that their shape is determined by stresses in their structure. The almost constant occurrence of secondary nodules budding off the main tumour suggests that a dominant tumour induces secondary tumours not only at a distance but also locally. Certainly the offshoots are not simple extensions of the primary tumour. Indeed their attachment to the dominant tumour may be quite tenuous.
Knots in wood are the resultants of stresses set up in growing tissues. The pattern exhibited by a knot in a piece of wood certainly bears a superficial resemblance to a fibroid, and if, indeed, a motto were wanted a saying of William Blake would be appropriate: "I can look at a knot in a piece of wood till I am frightened at it." THE ORIGIN OF FIBROIDS When we consider the origin of the earliest seedling, it seems reasonable to assume that the seedling develops from causes similar to those which determine its continued growth. At all events such an assumption is certainly economical. To examine it entails, first, a consideration whether the potentiality of internal stresses exists within the myometrium as compared with plain muscle elsewhere in the body; and second, an examination of the microscopic structure of the seedling fibroid.
TiE STRUCTURE OF THE MYOMETRIUM
The myometrium is not homogeneous, but exhibits two sorts of differentiation. To begin with, its component muscle bundles are not straight but are disposed as a system of interlacing spirals. This is a consequence of the shape of the uterus. The uterus is an irregular solid, and in all irregular solids the lines of force along which the muscle bundles lie are not straight but geodetic-the shortest distance between any two points being a spiral curve. Because the bulk of the myometrium is composed of such interlacing spirals a low power magnification gives the fallacious appearance of an undifferentiated feltwork. Similar considerations indeed apply to the heart muscle, the heart too being best regarded as an irregular solid. The general problems of the structure of such tissues have been discussed by D'Arcy Thompson (1942) in "Growth and Form", and Shearer, in 1953, has drawn attention to the geodetics of the uterus. Now in any system of interlacing spirals, there is a greater potentiality of internal stresses than obtains in tissues in which the muscle fibres are arranged in simple sheets at right angles one to the other, as is the case in the alimentary tract, with the exception of parts of the cesophagus, the stomach and the duodenum; by the way, these latter parts of the alimentary tract are almost the only sites in which the rare extragenital myomas appear.
Besides a spiral differentiation the myometrium is also divided into zones. While the zonal arrangement varies a good deal in definition it is common enough to be significant (Fig. 3) . It is more pronounced in the uteri of older women. The outermost zone, some 2 to 5 mm. thick, is dense. In it the muscle bundles are disposed symmetrically and mainly as a longitudinal sheet, the spiral disposition being less marked than obtains deeper from the surface. It is in this outer or cortical zone that the non-progressive subperitoneal fibroids occur.
The middle and inner zones constitute the bulk of the myometrium. They are separated by an interface in which run the main intra-uterine branches of the uterine artery and often this interface is marked in a cut surface by a narrow groove. The middle zone is the denser of the two, in the inner zone the spiral disposition of the muscle bundles is more prominent (Fig. 4) .
It is in the interface or partition between the middle and inner zones that a fibroid usually first appears, as indeed would be expected to be the case if an internal stress is its cause.
So far then there is some evidence from the heterogeneity of the uterus that the potentiality of internal stresses exists, but it may be asked what bearing this could have on the genesis of a seedling fibroid. An explanation could be that when a normal uterus contracts, as it does throughout pregnancy and to a lesser extent during every menstrual cycle, energy is liberated and under normal circumstances is expended in a change in shape of the organ. If for some reason or other, no change of shape is possible, by reason for instance of disuse changes in the myometrium, or increased viscosity in the matrix of the muscle spirals, or limitation of the uterine mobility by inflammatory appendage disease or endometriosis, the unresolved energy must be dissipated by the production of localized stresses, stresses which induce a local tissue reaction determining the appearance of a seedling fibroid. Before puberty and after the menopause, at those periods when the uterus is quiescent, fibroids never develop;
after the menopause existing fibroids cease to grow. Furthermore fibroids seldom make their first appearance late in the reproductive period of life. In this regard the work of Fletcher Shaw and others on the histology of chronic metritis may well be relevant. For that matter in cases of pure hypertrophy of the uterus, which may weigh as much as 10 oz., fibroids are seldom encountered, perhaps because the internal structure of these uteri is normal. The viscosity and semi-fluid nature of the tissues are very apparent when an unstained fresh section of a fibroid and the surrounding myometrium is examined under a low power. Fixed and stained sections, necessary as they are, fail to show their plasticity. 
THE MICROSCOPIc APPEARANCES OF SEEDLING FIBROIDS
Two features of the structure of seedling fibroids have a bearing on the present issue. The one is their spiral structure, a point already discussed (Fig. 5) . The other is their lack of any capsule, the encapsulation of larger fibroids being a secondary phenomenon. Willis (1953) states that "the usual view that myomas are encapsulated needs revision, for while it may be true of large tumours, it certainly does not apply to many small ones. Minute myomas, even when apparently well circumscribed to the naked eye, are often not sharply separable from the surrounding muscle microscopically". So true is this observation that it is often difficult to say where the normal myometrium ends and a fibroid begins, certainly by a microscopical examination. At the base of the seedling there is a gradual transition from one to the other, the muscle bundles showing an increasing distortion as they near the tumours and the cells FIG. plane of see very v themselves progressively changing from the normal to the more primitive forms in the growing points of the seedling (Fig. 6 ).
FIG. 6.-Small intramural fibroid with extension into myometnium at 2 o'clock.
Encapsulation of extension incomplete.
SUMMARY
There is some evidence to support the view that the origin, growth and propagation of fibroids can be interpreted as the result of unresolved myometrial stresses. The hypothesis certainly saves some, if not all, of the appearances without reference to any of the general factors usually invoked. This is not to say that such general factors are without significance. For instance, part of the answer to the genesis of fibroids is to be sought in the reasons why fibroids are at least three times as common in coloured women. Nevertheless, whatever the role of the general causes, the intimate structure and distribution patterns of fibroids can only be explained in terms of occurrences within the uterus itself.
Finally one general conclusion seems important, that flbroids are not neoplasms in the ordinarily accepted sense of the term, but local reactions arising in a tissue with a unique dynamic structure and one which is often subjected to long phases of physiological disuse.
